The mechanism of action of sodium dimethyldithiocarbamate (NaDMDC) was examined by using Xanthomonas oryzae, the causal pathogen of bacterial leaf blight on rice plant.
Introduction
Since the discovery of antifungal effect of dithiocarbamates made by Tisdale and Williams in the latter half of 1920's, this group of organic compounds exerted a very important role for the protection of plant diseases in agriculture. A large number of different derivatives have been in practical use as fungicides or bacteriocides.
They are principally divided into three types in chemical structure, such as monoalkylamine, dialkylamine and alkyldiamine.
Our concern here was focused on the dialkylamine type, because it includes nickel dimethyldithiocarbamate (SAN KEL(R)) which was developed in Japan as an antibacterial agent by showing the high protective effect against bacterial leaf blight of rice plant.
With the mechanism of action for this type of compounds, particularly, an intresting matter is to know much about the biochemical effect on the metabolism of bacterial cells.
On the mode of action of sodium dimethyldithiocarbamate (NaDMDC), it has been already speculated that the toxic mechanism was involved in the inactivation of various enzymes, such as enzymes concerned with organic acid synthesis of fungal cells10), SH-containing enzymes13) or coenzymes11), and metal-containing enzymes6, 8, 9) . However, none of these studies were enough to offer a satisfactory explanation for the antimicrobial effects of NaDMDC, and the problem still remains to be studied, especially on effect against the macromolecular biosynthesis of cells. as one ninhydrin-positive spot whose position coincided with authentic PE. An additional detection for PE was made with the water-soluble deacylated phospholipid, which was obtained from the mild alkaline hydrolysis of phospholipid by the method of Dawson4).
The deacylated phospholipid was spotted on a Whatman No.1 paper, and ascending chromatogram was developed using the phenol solvent saturated with water-acetic acid-ethanol (100:10:12, v/v).
For color development, the chromatogram was sprayed with ninhydrin reagent or ammonium molybdate-perchloric acid solution modified by Dawson4).
The deacylated product of PE, glycerylphosphorylethanolamine (GPE), was identified by the location on the chromatogram which coincided with the GPE prepared from authentic PE.
Analysis of radioactivity for hydrolytic products of PE. The cells were labeled with 14C-glucose in the presence or absence of NaDMDC for 30min, then were subjected to the extraction of lipids.
The extracted lipids were chromatographed on a silica gel plate with the solvent system described above. PE region was detected by radio-TLC scanning, and scraped from the plate. Then, the PE was eluted with methanol and followed by the evaporation of solvent under nitrogen.
The radioactive PE was submitted to preferential fatty ester hydrolysis, and the hydrolytic products were partitioned between GPE and fatty acids according to the procedure of Dawson4). The GPE and fatty acid fractions were separately analyzed for radioactivity.
Results
Effect of some nutrient media on the inhibitory action of NaDMDC Cell suspensions were prepared with 3 kinds of media, such as 1/15M phosphate Distribution of radioactivity in the fatty acid and GPE parts of PE In the hydrolytic products of radioactively labeled PE as described in Method, the radioactive ratios of fatty acid fraction to GPE fraction are shown in Table 2 . 
Discussion
The incorporation of radioactive precursors into the lipids of X. oryzae was markedly inhibited by NaDMDC. To explain the inhibition by NaDMDC, two possible mechanisms were considered: one was the direct inhibition of lipid synthesis, the other was the leakage of lipid components from the cells.
The latter mechanism, for example, is shown by the release of lipopolysaccharides from the cell wall of the bacteria treated with ethylenediaminetetraacetic acid7). However, our experiments excluded the possibility of the latter mechanism from the fact that NaDMDC did not cause the leakage of radioactive lipids from the labeled cells. Thus, it was concluded that the compound inhibited the process of the lipid synthesis of bacterial cells.
On the other hand, the authors reported in a previous paper15) that the inhibition of lipid synthesis by NaDMDC was largely increased by the addition of glucose to the cell suspension prepared with a buffer solution. Such a effect of cell-suspending media on the sensitivity of cells to NaDMDC was examined using 3 kinds of media which contained different nutrient sources, and it was found that incorporation of 14C-acetate into the lipids was inhibited more strongly by NaDMDC in the cells suspended in a nutrient-rich medium rather than in the cells suspended in a poor medium.
Ballesta and Schaechter1) reported that the rate of the lipid synthesis in Escherichia coli was rapidly decreased by the shift-down of cells from a nutrient-rich medium to a poor one. In contrast, the shift-up cells seem to be greatly increased in the rate of lipid synthesis. Therefore, the inhibition of lipid synthesis by NaDMDC appears to be more effective to the cells being metabolically active, particularly to the cells activating in their lipid metabolism. A column chromatographic analysis for the labeled lipids of NaDMDC-treated cells, showed that all components of cellular lipids were markedly reduced in their radioactivity at a nearly constant rate as compared with untreated cells. Thus it is unlikely that NaDMDC specifically inhibits the synthesis of particular phospholipids.
As an additional gain from lipid analysis, it was shown that a major component of the lipids of X. oryzae was PE, supporting the fact that in many bacteria a major portion of cellular lipids is generally occupied with phospholipids, especially glycerophospholipids.
In the PE from 14C-glucose labeled cells, radioactive distribution between fatty acid part and GPE part was determined, and it was found that a decreased radioactivity of PE in NaDMDC-treated cells was resulted from low labeling of fatty acid part, because radioactivity of the GPE part was almost constant in both NaDMDCtreated and untreated cells. Thus, the inhibition of PE production by NaDMDC appears to be involved in either the synthesis of fatty acids or the transfer of fatty acids to glycerol-3-phosphate.
However, NaDMDC did not act on the process from fatty acids to phosphatidic acid, since the incorporation of radioactive longchain fatty acids into the phospholipids was not inhibited by NaDMDC.
These results indicated that the primary action of NaDMDC might be connected with the fatty acid synthesis of X. oryzae. In vitro action of NaDMDC on fatty acid synthesis is now in progress using cell-free preparation of X. oryzae or E. coli, and the results will be reported in the following paper.
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